This experiment was conducted to evaluate the effect of selenium (Sel-Plex) and chromium picolinate on some blood parameter of local laying hens reared under high environmental temperatures. Two hundred and seventy laying hens (24 weekold) were divided into nine groups, 30 hens per group using two levels of selenium (0.3 and 0.5 mg/kg diet) and two levels of chromium picolinate (1200 and 1400 μg/kg diet). The control group was fed a basal diet. The obtained results can be summarized as follows: Laying hens fed the Se and Cr-supplemented diets achieved significantly higher total counts of blood erythrocytes and leukocytes, and lymphocytes, hemoglobin, packed cell volume as compared to their control counterparts. However, there were significant decreases (P≤0.05) in total monocytes but total heterophil were not affected compared with the un-supplemented control group. Dietary supplementation with Se and Cr caused significant (P≤0.05) increases in blood plasma levels of total protein, globulin, chloride, calcium, phosphorus, triiodothyronine, and thyroxine, while levels of albumin, albumin: globulin ratio, creatinine and urea were decreased as compared to those of the control group. Hens fed the Se and Crsupplemented diets attained significantly lower (P≤0.05) levels of plasma concentrations of cholesterol, glucose, total lipids and triglycerides as well as activity of transaminases (ALT and AST) as compared to their control counterparts. From the present results, it is concluded that enhancing hen's diets with selenium (as Sel-Plex) and chromium picolinate singly or in combination at levels of 0.3 mg Se plus 1400 μg Cr /kg diet can consider as an effective management practice for reducing the adverse effects of heat stress for laying hens.
INTRODUCTION
High environmental temperature is a major problem faced by poultry farmers particularly laying hens, during summer months. High ambient temperature reduces feed intake, live weight gain, egg production, egg quality and feed efficiency (Donkoh, 1989; Siegel,1995) , thus negatively influencing the performance of poultry. Plasma corticosterone concentration also increases during heat stress (Hurwitz et al. 1980) . In addition, Donkoh (1989) reported that reduced plasma protein and markedly increased blood glucose concentrations during heat stress. Such ambient temperatures decrease serum vitamin and mineral concentrations in poultry as well as humans (Ensminger et al., 1990; Anderson, 1994) . Heat stress has also been shown to increase mineral excretion (Siegel, 1995) . Several methods are available to alleviate the effect of high environmental temperature on poultry performance. Because it is expensive to cool animal buildings, such methods focus mainly on manipulating the diet.
Chromium is used in the poultry diet because of the reported benefits of Chromium supplementation to laying hens (Sahin et al., 2001; during cold and heat stress and because chromium is reduced during environmental stress. The primary role of Chromium in metabolism is to potentiate the action of insulin through its presence in an organometallic molecule, the glucose tolerance factor (GTF) (Anderson, 1994; Sahin et al., 2001) . As Insulin metabolism influences lipid peroxidation (Gallaher et al., 1993) , chromium, as an insulin potentiator, is therefore postulated to function as an antioxidant (Preuss, et al., 1997) . Moreover, Chromium is thought to be essential for activating certain enzymes and for stabilizing proteins and nucleic acids (Anderson; 1994; Linder, 1991) . Selenium supplementation as a single agent or in combination has been suggested to improve performance and immune response to diseases and also to decrease the economic losses related to high temperature (Smart et al., 1995) . Sodium selenite is considered the traditional source of supplementation (Leeson and Summers, 1991) . Recently, organic selenium from yeast (Sel-Plex, Alltech Inc.) is more active form of selenium in chickens than selenite (Collins et al., 1993) . Leeson and Summers (1991) have shown that selenium is required for maximum performance of chickens. Mahmoud and Edens (2003) found that chickens fed organic selenium as Sel-Plex, a selenized yeast, had elevated GPX activity in both blood and liver in a thermoneutral environment and after heat distress.Therefore, the present study was undertaken to evaluate of the effect of dietary supplementation with organic selenium and chromium on some blood parameters of heatstressed laying hens.
MATERIALS AND METHODS

Birds and experimental design
The present experiment was carried at Sakha Animal Production Research Station, Animal Production Research Institute, Agricultural Research Center, Ministry of Agriculture, Kafr El-Sheikh Governorate, Egypt. A total of 270 local 24-week-old laying hens (Inshas) were used in this study. Hens were randomly distributed into nine groups, each containing 30 hens in 3 replicates of 10 hens each. Laying houses were provided with 17 h light per day. The hens were randomly assigned according to initial body weights. Feed and water were given ad libitum. The hens were vaccinated against Marek and Newcastle diseases. Similar management conditions were maintained for all groups. The experiment was carried out from 1 st July to 30 th September, 2012.
Dietary treatments
The laying hens were fed a basal diet supplemented with two levels of each Selenium (Sel-Plex) and chromium picolinate. Birds were assigned to each of the following diet treatments: 1 -Basal diet (without any additives and served as control). 2 -Basal diet + 0.3 mg Se /kg diet.
3 -Basal diet + 0.5 mg Se /kg diet. 4 -Basal diet + 1200 μg Cr /kg diet. 5 -Basal diet + 1400 μg Cr /kg diet. 6 -Basal diet + 0.3 mg Se + 1200 μg Cr /kg diet. 7 -Basal diet + 0.5 mg Se + 1200 μg Cr /kg diet. 8 -Basal diet + 0.3 mg Se + 1400 μg Cr /kg diet. 9 -Basal diet + 0.5 mg Se + 1400 μg Cr /kg diet Ambient temperature and relative humidity Daily ambient temperature (AT) and relative humidity (RH) were recorded inside the laying houses three times per day (at 8 a.m., 12 p.m. and 4 p.m.) and twice at night (at 12 a.m. and 4 a.m.) during the experimental period. Also, means of maximum and minimum AT and RH were recorded monthly ( Table 2 ). Indoor climatic conditions were recorded using electronic digital thermo-hygrometer. Temperature-humidity index (THI) was calculated according to Marai et al. (2001) . They established several stages of thermal comfort values such as: absence of heat stress (<27.8), moderate heat stress (27.8-28.8), severe heat stress (28.9-29.9) and very severe heat stress (>30.0), based on variations in the bird's body temperature, using the following mathematical model: = dry bulb temperature in centigrades. RH = relative humidity %.
Temperature-humidity index
During the experimental period (Summer 2012), birds exposed to very severe heat stress as the estimated THI values were 32.97, 33.39 and 31.06 during July, August and September, respectively (Table 2) . In this study, the ambient temperature was higher than the recommended normothermia zone of 18-28°C (Donkoh, 1989; Holik, 2009) established for poultry in the tropical regions. This is a clear indication that the experimental layers, used in the present study, were subjected to a severe heat stress.
Blood constituents of laying hens
At 36 weeks of age, three hens per treatment were slaughtered within one to two hours post-oviposition in order to take some measurements. Blood samples of individual hens were collected from the jugular veins during slaughter into two heparinized tubes. The blood sample in the first tube was used for the measurement of some hematological characteristics. Improved Neubauer hemocytometer (Brand,Wertheim, Germany) was used for counting RBC S and WBC S according to Natt and Herrick (1952) . The hemoglobin (Hb) content was determined using the Drabkin's technique according to Dein (1984) . Packed cell volume (PCV) was determined by using the micro hematocrit capillary tubes and the micro hematocrit centrifuge at 12,000 rpm for 5 min. according to Bara (1988) . Blood films were stained by Giemsa stain and the differential leucocytic count was performed according to Jain (1986) .
The second half of blood sample was centrifuged at 4000 r.p.m. for 15 minutes to separate blood plasma, then stored at -20 C for determining the concentrations of plasma total protein (Gornall et al., 1949) , albumin (Dumas et al., 1971) , creatinine (Bartles et al., 1972) , urea (Fawcett and Socct, 1960) , Cl - (Schales and Schales, 1941) , Ca ++ (Moorehead and Biggs, 1974) , inorganic P (Goldenberg and Fernandez, 1966) , cholesterol (Richmond, 1973) , glucose (Trinder, 1969) , total lipids (Zollner and Kirsch, 1962) , triglycerides (Fassati and Prencipe, 1982) , and activities of plasma tansaminases: aspartate aminotransferase (AST) and alanine aminotransferase (ALT) (Reitman and Frankel, 1957) . Globulin concentration was obtained by subtracting the values of albumin from the corresponding value of total protein. At the same time, plasma concentrations of triiodothyronine (T3) and thyroxine (T4) were assayed according to methods described by Darras et al. (1992) .
Statistical analysis
Data were subjected to statistical analysis by one-way analysis of variance using SPSS ® statistical software (SPSS, 1999, version 10.0). Significant difference among treatment means were detected by Duncan's Multiple Range Test (Duncan, 1955) at 5% level ofsignificancet at (P≤0.05). The following model was used to study the effect of Selenium (Sel-Plex) and chromium picolinate on blood parameters of laying hens as follows:
Where, Y ij = observation for each dependent variable. M = over all mean. T i = Treatment effects (i = 1, 2,...... and 9). e ij = Random error.
RESULTS AND DISCUSION
Blood hematological variables
Effects of dietary supplementation with Se and Cr and their combination on some blood hematological variables of 36-week-old laying hens reared under the summer hot climate are presented in (Table 3) .
There were significant increases (P≤0.05) in total counts of blood leukocytes (WBCs), hemoglobin (Hb), packed cell volume (PCV) and total counts of blood erythrocytes (RBCs) as affected by dietary supplementations comparing to their control counterparts. When 0.5 mg Se plus 1200 μg/kg Cr was used total counts of blood leukocytes were comparable to that of the control. Also, treatments 1200 μg/kg Cr, 0.5 mg Se plus 1200 μg/kg Cr and 0.5 mg Se plus 1400 μg/kg Cr were similar with control in packed cell volume. Also, treatments 1200 μg/kg Cr and 0.5 mg Se separately or in combination with both levels of Cr in total counts of blood erythrocytes were similar with control value. However, there were significant decreases (P≤0.05) in monocytes cells compared to its counterpart in control group. Furthermore, lymphocytes cells were not affected by the addition of dietary supplementation, but lymphocytes were affected for hens given 1400 μg/kg Cr in their diet. Also, no significant differences were detected in heterophil cell due to the dietary supplementation.
It is well known that heat stress is one of the major stressors on poultry production which produces a wide range of physiological changes. The inhibiting effect of heat stress on blood concentrations of RBCs and Hb (Donkoh, 1989) and WBCs (Lin et al., 2003; Mashaly et al., 2004) is well documented in both broiler chicks and laying hens. Kutlu and Forbes (1993) found elevations in plasma concentrations of protein, glucose, heterophil, lymphocyte and heterophil/lymphocyte ratio and decreases in potassium ion concentration in response to thermal stress. On other hand Hanafy et al. (2009) reported that organic selenium significantly (P≤0.05) increased blood Hb, RBC`s and WBC`s. Dietary selenium and Cr and their different combination inhibit leukocyte migration in broilers (Swain and Johri, 2000) .
Blood biochemical variables
The effects of inclusion of Se and Cr and their combination on some blood biochemical variables of 36-week-old laying hens reared under the summer hot climate are presented in Tables 4a and 4b .
In general, the results of dietary supplementation with Se and Cr and their combinations in (Table 4) , exhibited no significant differences (P≤0.05) in plasma concentrations of total protein, albumin, globulin, albumin: globulin ratio, creatinine, urea and chloride in response to dietary supplementation. But when the diets were supplemented with 0.3 mg Se plus 1200 μg/kg Cr or 0.3 mg Se plus 1400 μg/kg Cr plasma levels of total protein and globulin were significantly higher (P≤0.05) than those of the control group. However, albumin: globulin ratio was significantly lower (P≤0.05) for the hens fed the diet supplemented with 0.3 mg Se plus 1400 μg/kg Cr as compared to the control birds. Similarly, blood plasma urea levels were significantly decreased (P≤0.05) when hens fed diets supplemented with 1200 μg/kg Cr, 0.3 mg Se plus 1200 μg/kg Cr and 0.3 mg Se plus 1400 μg/kg Cr compared with their control counterparts. Feeding Cr-supplemented diets at levels of 1200 or 1400 μg/kg to laying hens under hot environment conditions led to significantly higher (P≤0.05) levels of plasma chloride compared with that of the control group. Finally, no significant differences were detected in plasma levels of albumin and creatinine due to the dietary supplementation. Dietary treatments, applied in the present study, significantly improved (P≤0.05) plasma calcium but did not significantly affect , while insignificantly increased phosphorus except the combination of 0.3 mg Se by 1400 μg/kg Cr witch achieved the highest value of plasma calcium and also significantly increased phosphorus.
Our observation in this study is in agreement with that reported by Ozbey et al. (2004) and Seyrek et al. (2004) who reported that concentrations of blood serum glucose, triglyceride and cholesterol were significantly higher whereas, levels of total protein and albumin were significantly lower in laying Japanese quails exposed to heat stress. Also, Nalini et al. (2008) reported that at 42-45 °C, serum, growth hormone, creatinine, urea, glucose, cholesterol, triglycerides, AST and ALT increased significantly (P<0.05) from respective control mean values. The mechanism of this alteration has been reported to be through increased generation of free radicals at the cell level. Several authors have documented that free radical generation affects blood serum metabolites of plasma total protein, cholesterol and glucose which is manifested in bird's adaptation response through decreased production performance (Lin et al. 2005; Imik et al. 2009 ). In contrary, Koelkebeck and Odom (1995) found that acute heat stress had no effect on blood plasma levels of glucose, total protein and creatinine in laying hens.
Organic selenium had more pronounced effect on total protein, Kim and Mahan (2003) indicated that selenium is biochemically similar to sulphur, selenium replaces the sulphur molecule in the normal biosynthetic pathways of the yeast cell and is absorbed actively across the intestine by the same amino acid carrier. Combs and Combs (1986) reported that supplemented organic Se to broiler breeders and layers was actively absorbed and can be directly incorporated into protein. In harmony with our results, Attia et al. (2010) found that vitamin E and/or Se supplementation significantly decreased triglycerides, albumin, globulin and albumin / globulin ratio on layer, however Hanafy et al. (2009) found that organic selenium increase albumin. The increase in plasma total protein concentration by Cr supplementation is in agreement with previous results obtained for laying Japanese quails (Sahin et al., 2001; Abdel-Mageed and Hassan, 2012) . The positive effect of Cr on plasma protein and its fractions may be due to the anabolic action of insulin mediated through increasing the amino acids synthesis by liver, enhancement the incorporation of several amino acids into protein (Uyanik et al., 2002) .
Results presented in Table 4b exhibited that laying hens fed diets supplemented with Se and Cr and their combinations had significantly lower (P≤0.05 plasma levels of cholesterol, glucose, total lipids and triglycerides as well as activity of ALT and AST while plasma concentrations of triiodothyronine (T 3 ), and thyroxine (T 4 ) were significantly higher (P≤0.05) compared with their control counterparts.
In agreement with the present results, Kalaba (2007) and Ibrahiem (2008) reported that stressful factors can increase serum levels of cholesterol, glucose, total lipids and triglycerides, and activity of transaminases (ALT and AST), but may decrease the plasma levels of the hormones: T 3 and T 4.. According to Bhatti and Dil (2005) , alteration in serum enzymes activity under stress conditions occur due to malfunctioning of liver, as degenerating and necrotic cells leak enzymes from cytoplasm.
According to the current results added dietary selenium alleviated the adverse effect of heat stress on the activity of AST and ALT in the blood plasma. In this direction, El-Mallah et al. (2011) observed a beneficial effect for selenium yeast on ALT and AST. The use of organic selenium (Sel-plex) as a source of supplemental dietary Se provides a highly efficient form of organic Se and facilitates a greater antioxidant enzymes which can readily reduce peroxides and other free radicals thereby compromising the cell membranes (Edens and Gowdy, 2005) . On the other hand, Abaza (2002) observed that plasma cholesterol concentration was significantly increased by supplemental Se and/or vitamin E. However, Ljubic et al. (2006) suggested that the organic Se supplementation influences cholesterol metabolism in adipose tissue by decreasing the total cholesterol concentration during the fattening period and increasing the free cholesterol concentration after 48 h feed deprivation. Changes in enzymes responsible for regulating cholesterol synthesis, oxidation or elimination may be responsible for lowering the cholesterol synthesis in mature as well as immature chickens (Konjufca et al., 1997) . Also, Saito et al. (2007) demonstrated that the oxidative stress induced by selenium deficiency can enhance lipid and cholesterol peroxidation in cultured cells.
In agreement with the present findings, several studies have shown that dietary Cr supplementation decreased blood glucose and cholesterol concentrations in laying hens (Lien et al., 1996; Uyanik et al., 2002) . Also, Abdallah et al. (2013) found that Cr picolinate administration significantly decreased serum cholesterol and glucose, and activity of ALT and AST. In addition, Ibrahiem (2008) found the same results for laying hens reared under heat stress. According to Prasada and Gowda (2005) Cr act as glucose tolerance factor which can increase the uptake of glucose by cells and thus attenuating the insulin action. The reducing effect of Cr on plasma glucose in the present study may support this suggestion. Several researchers reported reduced blood plasma concentrations of T 3 and T 4 in heat-stressed chickens (Kalaba, 2007) . The inverse relationship between plasma concentration of T 3 and environmental temperature has been well known (Yahav, 1999) . In this regard, Beckett et al. (1987) found that T 3 is produced by 5'-deiodination of T 4 particularly in the thyroid, liver and kidney. The activity of the selenoenzyme catalyzing 5'-deiodination (5'-ID) in rats is affected by Se deficiency (Kohrle et al., 1992) . It has been reported that hepatic 5'-ID activity in the Se deficient rats is 10-fold lower but plasma T 3 concentration is significantly lower in Se supplemented rats than in normal rats (Beckett et al., 1992) which is in accordance with the present results. Greater plasma concentrations of T3 and T4, reported in the present study, with higher dietary chromium could support a greater performance of laying hens, as T3 and T4 are considered as important growth promoters in animals (McNabb and King, 1993) . Also, Sahin et al. (2001) reported similar results on Japanese quails.
From the present results, it is concluded that enhancing hen's diets with selenium (as Sel-Plex) and chromium picolinate singly or in combination at levels of 0.3 mg Se plus 1400 μg Cr /kg diet can consider as an effective management practice for reducing the adverse effects of heat stress for laying hens. 
